The growth potential in vitro of Hassaku (Citrus hassaku hort. ex Tanaka) juice vesicles was studied with mature seedless fruit. Both auxin and cytokinin were necessary for callus induction and growth. There was the marked difference in cell sap acidity between callus tissue, peel, juice, mature sac and stalk. Vascular tissues, tracheary and vessel elements, differentiated in callus tissues of the juice sac-and stalk-origin, but root and bud formation did not occur in our culture condition.
Introduction
The past, present and future roles of tissue cultures as a tool in studying various morphogenetic and physiological problems in citrus have been reviewed by Button and Kochba (1) .
It is obvious that tissue culture is an important technique in a number of facets of the citrus industry.
Callus cultures in citrus have been developed from many fruit tissues, leaves, buds and seedling stem. However, only callus tissues from leaves and young stems have organized into plantlets (2, 5) . The purpose of the present paper is to give an attempt to initiate callus culture and to regenerate shoot and root apices from mature vesicles of Citrus hassaku hort. ex Tanaka.
The juice vesicles are highly specialized in the sense that they contain abundant citric and ascorbic acid, i. e., substances very low in pH.
Materials and Methods A seedless Hassaku fruit (Citrus hassaku hort. ex Tanaka) was surface-sterilized by immersion in 7% ethanol, rinsed with sterile water, the fruit was cut, and juice vesicles were aseptically isolated with sharp pointed forceps.
The sacs removing juice and/or vesicle stalk as well as entire juice vesicles from mature fruit were used.
Explants were placed in 100 ml culture flasks containing Murashige and Soog's (9) Received for publication August 25, 1979. 36 basal medium, various concentrations of 6-
2, 4-dichlorophenoxyacetic acid (2, 4 -D) and 4% sucrose . The pH of the medium was adjusted to 5.6 or 7. 0, as described below.
Solid medium containing 0.7% agar was steam-sterilized.
All culture flasks were kept at 2226 °C and placed under 3, 000 lx of white light provided Toshiba's Gro-Lux fluorescent tube.
It is known that calcium is involved in the restoration of cell injury and is thought to have an acid-neutralizing action (7). Therefore, the juice vesicles were sometimes immersed in a sterile solution containing 0.1% CaCl2.6 H2O and 4% sucrose, or cultured in media overlayed with calcium-sucrose solution on the basal agar media containing various growth regulators.
For the histological investigation, the cultures were sampled at weekly intervals, fixed in Craf III fluid (11) , dehydrated in an alcohol series and imbedded in paraplast. Sections were cut 13 u in thickness and stained iron-alum hematoxylin. Some cultures were squashed and stained with acetoorcein.
Results
A mature juice vesicle of Hassaku fruit is composed of an enlarged juice sac and a slender stalk (Fig. 1 A) .
It is well known 
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Vascular tissue was not detected in these sacs.
The average pH of the cell contents of juice sacs from mature fruit was 3.1.
After one week of culture, the stalk transferred to pale green from yellow color.
In the cross section of the stalk, numerous chloroplasts were clearly observed. The stalks started proliferating 2 weeks after inoculation.
Early stage of stalk growth was characterized by the appearance of localized swelling at one or more points along the stalk axis.
After 3 weeks of culture, the swellings varied from 0.3 to 1.0 mm in diameter.
Numerous protrusions emerged from these swellings and continuous enlargement resulted in a large, firm mass of callus tissue ( Fig. l B and 1 C) .
During growth period, the cylindrical cells of the stalk became more or less isodiametric.
After 7 weeks of culture, callus tissues of 4.5-v7.9 mm in diameter were formed.
The surface of these callus cultures was rough and elevated (Fig, l C) .
Fresh weight of 10 samples grown on a basal medium containing 2, 4-D (3 x 10-s M) and 2 ip (10 M) for 15 weeks without subculture was 1.4±0.5 g in the mean and varied 10 to 15 mm in diameter.
Callus tissue originated from marginal parenchymatous cells (epidermis and subepidermis) of the excised stalk (Fig. 2 B) . The divisions were principally periclinal. Fig. 2 C shows living proliferating cells in the marginal region of callus culture. Callus-like tissues were firstly formed on the one or the both ends of the excised stalk, laterally along the stalk axis (Fig. 2 D and 2  F) , and finally on whole surface (Fig. 2 E) . The excised stalks were one of the tissues manifesting continuous growth in vitro, especially on the medium adjusted to pH 5.6. Growth of the stalk was frequently inhibited by the presence of the juice sac.
When the juice within the sac is removed by the use of a syringe, the stalks and also, occasionally, the sac itself will proliferate ( Fig. 2 H and 2 I) .
However, explants of the juice sac alone degenerated.
The Citric acid or malic acid at pH added as a supplement to the basal medium was found to be complete inhibition of cell proliferation in vesicle stalks.
In squash preparations and paraplast sections of callus cultures of the sac-and the stalk-origin, tracheary elements and Table 1 . Proliferation of excised juice vesicles of Citrus hassaku in vitro. xylem cells bearing bordered pits were observed (Fig. 3 B) . Table 2 shows the pH of crushed extracts from f reshy juice, peel, excised sacs and stalks, and callus cultures of the sac-and the stalk-origin grown in vitro.
The extract (juice) from the sac was significantly more acidic than that from the stalk.
This fact suggests that the accumulation of large amounts (about 0.1 molar) of citric acid in the sac cells takes place, and that such accumulation does not occur in the stalk cells or other regions of the fruit.
It is remarkable that the extract from callus cultures of the sac origin was considerably less acidic than that from mature sac cells and than juice itself.
Discussion
Many horticultural cultivars are vegetatively propagated by stem or leaf cutting rather than seeds, because the plants derived from seeds are not always identical to the parent plants.
That is to say, seed propagation will probably never found an offspring that is identical to the parent in all respects. In addition, seedlessness in citrus is a commercially desirable trait.
Therefore In vitro growth of explant cultures from citrus fruits is stimulated by addition of orange juice (10% v/v) to a basal medium (10) .
This juice requirement was found to be replaceable by citric acid (4) .
However, Einset (3) has failed to obtain increased yield by addition of appreciate concentration of citric acid to the basal medium.
Therefore, these facts suggest that some components other than citric acid are involved. Kordan (7) pointed out that the high concentration of free citric acid in the juice sac may inhibit cell proliferation in the stalk as well as the sac by lowering the pH of the nutrient medium to growth inhibiting level. As shown by the present observation, juice vesicles of Citrus hassaku do not require citric or malic acid for growth in vitro. 
